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Abstract

Background and Purpose - To date, identifying emergent large vessel occlusion (ELVO) patients in the
prehospital stage is important but still challenging. We aimed to retrospectively validate a simple
prehospital stroke scale——Prehospital Acute Stroke Severity (PASS) scale to identify ELVO. Methods - We
retrospectively evaluated our consecutive cohort of acute ischemic stroke (AIS) who underwent CT
angiography (CTA), MR angiography (MRA) or digital subtraction angiography (DSA). PASS scale was
calculated based on National Institutes of Health Stroke Scale (NIHSS) items retrospectively. The
comparison of diagnostic parameters between PASS scale and NIHSS scale were performed. Results -
Finally, a total of 605 patients were enrolled. ELVO patients with PASS=2 had a median NIHSS score of
14. The best predictive value of PASS=>2 showed a similar predictive value compared with NIHSS>9.
Cortical symptoms such as consciousness disorder and gaze palsy were more specific indicators for
ELVO than motor deficits. Consciousness disorder was more serious in posterior circulation infarct (PIC)
while gaze palsy was more common in anterior circulation infarct (AIC). Conclusions - PASS scale had
both good discrimination and calibration in our retrospective cohort. It could reflect acute stroke severity
well and predict ELVO in an effective and simple way. Moreover, cortical symptoms had high specificities
to predict ELVO on their own.

Background

Reperfusion with intravenous tissue plasminogen activator (recombinanttissue-typeplas-
minogenactivator, rt-PA) and endovascular therapy (EVT) improves outcome in patients with acute
ischemic stroke (AIS) [1]. The efficiency of both treatments is highly time dependent [2]. Intravenous
thrombolysis can be administered in Primary Stroke Centres (PSCs) while endovascular treatment can
only be administered in EVT-capable centers in Comprehensive Stroke Centres (CSCs) [3]. Several recent
studies have demonstrated that patients may have a better outcome by shorten the delay to EVT.
Therefore, a simple and accurate assessment of emergent large vessel occlusion (ELVO) for primary
paramedics transporting appropriate patients to an EVT-capable center is urgent.

Computed tomography angiography (CTA), magnetic resonance angiography (MRA) and digital
subtraction angiography (DSA) allow the rapid assessment of vessel status in AlS. However, they are not
broadly available 24 hours per day, particularly for PSCs with limited imaging resources [4]. Thus,
surrogate markers of vessel occlusion will be helpful. The National Institutes of Health Stroke Scale
(NIHSS) has a relatively strong relationship between neurological deficit and vessel status [5]. However, it
is complex for emergency assessment and necessitating regular training for primary paramedics. There
have been several prehospital stroke scales to identify patients experiencing ELVO [6-9]. Among them,
Prehospital Acute Severity Scale (PASS) simplifies the parameters and indicates cortical symptoms more
accurate [10].

Thus, the objective of this study is to retrospectively evaluate the predictive value of PASS scale on the
detection of ELVO. We proposed that cortical symptoms—consciousness disorder and gaze palsy may be
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more sensitive indicators than motor deficits. Furthermore, we detailed the information on specific
location of ELVO to validate the utility of PASS scale and NIHSS scale in different vessel status which is
first reported.

Methods

Subjects and Methods

We retrospectively reviewed a historical cohort of 720 patients in our stroke unit from January 2016 to
January 2018, Hangzhou first people’s hospital, Zhejiang university. We enrolled patients who (1) were
clinical suspicion of AIS (symptom onset<24 hours, including patients who were intracerebral
hemorrhage (ICH) or with final nonvascular diagnosis like status epilepticus, syncope, metabolic
disturbance and other reasons), (2) were examined by 2 experienced stroke neurologists and assessed
the NIHSS scale at admission (the assesments of NIHSS scale were written on sheets).

PASS scale was calculated based on NIHSS scale retrospectively. This scale assessed 3 parameters: (1)
level of consciousness [scored 0-1], (2) gaze [0—-1], and (3) upper motor function [0—1]. Level of
consciousness was classified as being disturbed with incorrect month and/or age.

ELVO was defined as occlusion of internal carotid artery (ICA), horizontal segment (M1) and insula
segment (M2) of the middle cerebral artery (MCA), posterior cerebral artery (PCA), basilar artery (BA) and
vertebral artery (VA) on CTA, MRA or DSA. Two experienced neurologists blinded to the patients’
information assessed the occlusion on CTA, MRA or DSA with rater discrepancies settled by consensus.
Basic patients characteristics were recorded in Table1. Patients with inconclusive or missing information
on NIHSS or were not eligible for imaging assessment were excluded. Flowchart of the study population
was in Figure 1. The study was approved by Zhejiang Provincial Natural Science Foundation of China
(GF18H090036), and this study has required ethic approval.

Statistical Analysis

Patients were dichotomized into an ELVO group and a non-ELVO (NELVO) group. NELVO group included
AIS patients without ELVO, ICH patients and with other final nonvascular diagnosis patients like status
epilepticus, syncope, metabolic disturbance and other reasons. For statistical analysis, SPSS 10.0
software was used. Clinical characteristics were presented as the mean + standard deviation (SD) and as
median (interquartile range, IQR), and differences between the two groups were estimated by the t-test or
Mann-Whitney U-test if they were continuous variables. Categorical or binary datum was summarized by
proportion (n %); and differences between the two groups were estimated by the Pearson X2 test. Receiver
operating curves (ROC) and areas under receiver operating curve (AUC) were calculated as a measure of
predictive ability for ELVO of the PASS and NIHSS scales, and for different items of PASS scales. The
ROC derived optimal cutoff was determined at the maximal Youden Index. Hosmer-Lemeshow test was
used to evaluate the calibration ability of PASS scales. Cross tables for different cutoff values of PASS
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scale were used to evaluate sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV). Value with p<0.05 was regarded as significant.

Results

In total, we screened 720 patients in our stroke unit from January 2016 to January 2018. Finally, 605
patients were included (Table 1). Figure 1 summarized the flowchart of study population. In ELVO group,
the mean age was 70112 years, males were 141(59%), the median time between symptom onset to
assessment was 4.75+4.37 hours, the median NIHSS score was 17 (interquartile range=6.25). In NELVO
group, the mean age was 69 +14 years, males were 232 (63%), the median time between symptom onset
to assessment was 5.69+5.08, the median NIHSS score was 3 (interquartile range=5) (Table 2).

Figure 2A showed the best cut point to predict ELVO was PASS=2 while the best predictive value was
NIHSS=9. PASS=2 showed AUC 0.89 (95% Cl, 0.857-0.922), sensitivity 90.3%, specificity 81.9%, PPV
85.7% and NPV 11.9%. NIHSS=9 showed AUC 0.946 (95% Cl, 0.924-0.968), sensitivity 94.1%, specificity
84.9%, PPV 85.1%, and NPV 8.6% (Figure 2A, Table 4). PASS=2 showed a similar predictive value
(Pearson x2 test, chi2(1) = 227.557, p<0.001) compared with NIHSS=9 (Pearson X2 test, chi2(1) =
250.317, p<0.001). ELVO patients identified with PASS>2 had a median NIHSS score of 14, while PASS<2
had a median NIHSS score of 4 (Table 3), which results were consistent with previous research [10].
Hosmer-Lemeshow test indicated there was no significant difference between predicted value and

observed value (Hosmer-Lemeshow test, X2=4.046, p=0.853) (Figure 2B).

Figure 2C showed the strongest predictor of ELVO through 3 parameters was consciousness disorder,
with AUC=0.794 (95% Cl, 0.750-0.837), sensitivity 74.8%, specificity 83.9%. The second strongest
predictor was gaze palsy and/or deviation, with AUC=0.779 (95% ClI, 0.734-0.824), sensitivity 71.8%,
specificity 83.9%. The arm weakness showed AUC=0.645 (95% Cl, 0.592-0.698), sensitivity 71.8%,
specificity 83.9%.

Table 4 showed the relationships between each clinical symptom, clinical scores and vessel occlusion
types. PASS score in ACIl was higher than PCI (Mann-Whitney U-test, p<0.001) while NIHSS score was
higher in PCI (Mann-Whitney U-test, p=0.007). Detailed vessel occlusion typies were ACA 5 (3%), CA 67
(34%), MCA 124 (63%), PCA 4 (2%), BA 32 (14%), VA 5 (2%) (Table 4).

Figure 3 showed ELVO group had a higher percentage of consciousness disorder (Mann-Whitney U-test,
p<0.001) and gaze palsy than AIS-ELVO group (Mann-Whitney U-test, p<0.001). ACI had a higher
percentage of gaze palsy (Mann-Whitney U-test, p<0.001) and PCI a higher percentage of consciousness
disorder (Mann-Whitney U-test, p=0.003).

Table 5 showed both PASS scale (Mann-Whitney U-test, p=0.579) and NIHSS score (Mann-Whitney U-test,
p<0.001) were higher in left hemisphere than right hemisphere (Mann-Whitney U-test, p<0.001). Left
hemisphere ELVO had a higher percentage of consciousness disorder (Mann-Whitney U-test, p=0.036)
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while right hemisphere ELVO had a higher percentage of gaze palsy (Mann-Whitney U-test, p=0.051)
(Table 5, Figure 3C).

Discussion

To date, no triage strategy performs perfectly in identifying ELVO at prehospital. NIHSS scale has
demonstrated to be predictive of ELVO, but prehospital assessment by medical emergency technicians
may be difficult and time-consuming. And paramedics in PSCs may be inexperienced in the assessment
of NIHSS scale. Moerover, patients with right hemispheric AIS may present mild to moderate symptoms
which are underrepresented with NIHSS scale that right ELVO may be misdiagnosed. Previously an
European group has designed and demonstrated PASS scale as a simple tool highly predicts ELVO with a
suspicion AIS at prehospital. There are several advantages of PASS scale over preexisiting scales. First,
PASS scale only includes consciousness disorder, gaze palsy and arm weakness, which parameters are
simple but effective to evaluate. Second, emergency paramedics adopt level of consciousness questions
is objective and could be combined with the evaluation of aphasia and dysarthria which many previous
scales ignored[11, 12]. Besides, items in NIHSS scale range from normal to severe (0-4), which may be
inaccurate due to the subjective judgment, as well as other scales like 3I1SS, LAMS, RACE and so on[3, 9,
13-15]. While each parameter in PASS scale range from 0-1. Moreover, gaze palsy can be easily observed
by paramedics rather than neglect or field of vision [11, 16]. Last but not least, different form 3ISS, LAMS
scales, PASS scale gives a higher weight to cortical symptoms rather than motor symptoms, which are
typcial sighs of ELVO. Because motor symptoms can also occur in lacunar stroke and may not be good
indicators for ELVO.

Stroke risks vary among ethnic populations, with much higher incidence and mortality reported in Asia.
Recent research has revealed that Asian has a higher rate of large artery atherosclerotic stroke which may
has a better collateral circulation than European who confuse with embolism [17]. PASS scale includes
three parameters: consciousness disorder, gaze palsy and arm weakness. Consciousness disorder and
gaze palsy are cortical symptoms which may manifest a poor collateral circulation. Thus, PASS scale
may be unsuitable for Asian to evaluate ELVO. However, PASS scale in our retrospective cohort had both
good discrimination and calibration ability, which results were consistent with previous research.
Therefore, PASS scale can also be an effective and simple tool to detect ELVO patients for Asian.

There are several strengths in our study. First, our data included vessel typies of ELVO. The most type in
both left and right hemisphere was MCA-ELVO. Second, the cohort included both ACI and PCl as opposed
to some other scales just focused on ACI. Because of the poor prognosis of PCI, the utility of PASS scale
may make important role at prehospital. In this cohort, ACI with more gaze palsy and PCI with more
consciousness disorder. Third, as right hemispheric AIS may be misdiagnosed as its mild to moderate
symptoms, we analysed different predictors in both hemispheres. We found PASS score in left ACl was
higher than right and left ACI with more consciousness disorder while right ACI with more gaze palsy.
Morover, this study indicated that the strongest predictor was consciousness disorder, than gaze palsy
and/or deviation. Recently, gaze palsy and/or deviation has been the only parameter in an ELVO screen
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as an ideal prehospital scale [17]. Thus, we may further design a simpler and faster scale which just
focus on cortical symptoms and validate prospectively in the field by trained paramedics prehospital in
the future.

Our study has several limitations. First, this model was made from a single retrospective cohort.
Perspective and large multicenter data would be more believable and compelling. Second, as a global
scale with a limited range (0 to 3), PASS scale is insensitive to small differences between patients and to
small changes in clinical status for individual patients. However, the complexity of NIHSS scale is
responsible for its infrequent use in clinical routine. In contrast, the PASS scale is simple and quick to
apply. Moreover, PASS score in ACI was higher than PCI, however, NIHSS score was higher in PCI than
ACI. The accuracy of PASS scale in PCI need further investigation and improvement.

Conclusions

In summary, we found PASS scale could be an easily memorized and effective tool to identify AIS with
highly likelihood of ELVO and it had a similar accuracy with NIHSS. Additional studies concerning the
utility of PASS scale in prehospital setting and its ability to predict stroke outcome are warranted. Further
more, a simpler and faster scale focuses on cortical symptoms and validate prospectively in the field is
urgent to yield in. Future studies that are in the prehospital setting will need to test scales while patient
has not yet arrived to hospital, possibly to change destination triage decisions and transfer appropriate
patients to a CSC quickly.
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Tables

Table 1. Baseline demographic and clinical characteristics of participants (n=605)
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Patient characteristics No (%)

Sex, male 369 (61.0)
Median age, years (mean+SD) 70+£12

Time symptom onset to assessment, hour (mean+SD) 5.25+5.08

ELVO 237 (39.2)
NELVO 368 (60.8)
AIS-NELVO 199 (54.1)
ICH 103 (28.0)
Stroke mimic* 66 (17.9)

SD, standard deviation; No, number; ELVO, emergent large vessel occlusion; NELVO, non-emergent large vessel
occlusion; ICH, intracerebral hemorrhage;

*Stroke mimic included status epilepticus (n=23), syncope (n=3), metabolic disturbance (n=15), and other
reasons (n=25).

Table 2. Demographic and clinical characteristics in different groups (n=605)

Patient characteristics ELVO NELVO
Patient number (no, %)0 237 (39.2) 368 (60.8)
Sex, male (no, %)0 141 (59.5) 232 (63.0)
Age, years (mean+SD) 70+12 69 +14

Time symptom onset to assessment, hour (mean+SD) 4.75+4.37 5.69+5.08

NIHSS median (IQR) 17 (6.25) 3 (5)
ACI in AIS (no, %) 196 (82.7) 163 (44.3)
Left hemisphere/ACI in AIS (no, %)l 98 (50) 92 (56.4)

ELVO, emergent large vessel occlusion; NELVO, non-emergent large vessel occlusion; SD, standard deviation;
no, number; NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; ACI, Anterior
circulation infarct.

Table 3. Sensitivity, Specificity, PPV, NPV, and Overall Accuracy of Different Cutoff Values of the PASS for the
Detection of ELVO
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PASS Total no. ELVO no. Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) NIHSS
=1 294 236 99.6 29.1 80.3 0.7 80.3 4
=2 251 215 90.3 81.9 85.7 11.9 85.7 14
3 140 126 53.4 93 90 37.5 90 18

PPV, positive predictive value; NPV, negative predictive value.

Table 4. Association between clinical symptoms, scores and vessel occlusion types

ELVO type No (%) PASS NIHSS
(mean+SD) (IQR)
AIS-NELVO 199 (45.6) 0.96+0.06 3 (5)
ELVO 237 (54.4) 2.43+0.04 17 (7.75)
ACI 196 (82.7) 2.48+0.69 16 (7)
ACA 5 (2.6)
CA 67 (34.2)
MCA 124 (63.3)
M1 100 (80.6)
M2 24 (19.4)
PCI 41(17.3) 2.12+0.60 22 (5.5)
PCA 4 (9.8)
BA 32 (78.0)
VA 5(12.2)
Total 436 1.76+1.05 11 (5)

ACA, anterior cerebral artery; CA, carotid artery; MCA, middle cerebral artery; M1, M1 segment; M2, M2
segment; PCA, posterior cerebral artery; BA, basilar artery; VA, vertebral artery.

Table 5. Association between clinical symptoms, scores and vessel occlusion types on left and right hemisphere
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Hemisphere ELVO No. (%) PASS NIHSS

(mean+SD) (IQR)

Left ACI 98 (50) 2.52+0.72 18 (6)
ACA 1 (1)
CA 31 (32)
MCA 66 (67)
M1 49 (74)
M2 17 (26)
Right ACI 98(50) 2.46+0.63 14 (5)
ACA 4 (1)
CA 36 (32)
MCA 58 (67)
M1 51 (74)
M2 7 (26)

ELVO, large vessel occlusion; NELVO, not large vessel occlusion; PASS, Prehospital Acute Stroke Severity Scale;
NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; ACA, anterior cerebral artery; CA,
carotid artery; MCA, middle cerebral artery; M1, M1 segment; M2, M2 segment; PCA, posterior cerebral artery;
BA, basilar artery; VA, vertebral artery.

Figures

T20 patients screened in our center fram
January 2016 to January 2018

Excluded

53 NIHSS not registered

*| 42 CTA or MRA or DSA not performed
or inconclusve

20 Discharge against medical advice

[ 605 Patients included ]

7N

| 2srevo | | 3senewvo |

| 199 AIS-NELVO || 1031CH || 66 Stroke mimic

Figure 1

Flowchart of the the study population. NIHSS, National Institutes of Health Stroke Scale; CTA, computed
tomography angiography; MRA, magnetic resonance angiography; DSA, digital substraction angiography;
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AIS, acute ischemic stroke; N-AlS, non-acute ischemic stroke; ELVO, emergent large vessel occlusion;
NELVO, not emergent large vessel occlusion; ICH, intracerebral hemorrhage; EVT, endovascular therapy;
NEVT, non-endovascular therapy.
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Figure 2

Discrimination and calibration analysis: A: PASS=2 showed AUC 0.89, sensitivity 90.3%, specificity
81.9%. NIHSS=9 showed AUC 0.946, sensitivity 94.1%, specificity 84.9%. B: There was no significant
difference between predicted value and observed value. C: Consciousness disorder showed AUC=0.794,
sensitivity 74.8%, specificity 83.9%; gaze palsy and/or deviation showed AUC=0.779, sensitivity 71.8%,
specificity 83.9%; arm weakness showed AUC=0.645, sensitivity 71.8%, specificity 83.9%.
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Figure 3

A: ELVO group had a higher percentage of consciousness disorder and gaze palsy than AIS-ELVO group.
B: ACI had a higher percentage of gaze palsy and PCl a higher percentage of consciousness disorder. C:

Left hemisphere ELVO had a higher percentage of consciousness disorder while right hemisphere ELVO
had a higher percentage of gaze palsy.
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